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ABSTRACT
Objective: To evaluate the reduction effect of the synchronized luteal phase and the eCG application in the 
reproductive variables and hormone profile response of primiparous and multiparous ewes.
Design/Methodology/Approach: The experimental design was completely random, with a 222 factorial 
arrangement. Based on their reproductive activity, the 81 specimens were divided into primiparous (n38) 
and multiparous (n43) ewes. The estrous and pregnancy stages were analyzed using the 2 test. An analysis 
of variance and the Tukey’s mean comparison test were used to determine the start and the duration of the 
estrous. P4 concentration was measured using the PROC MIXED which influenced the fixed effects of the 
treatment and the day, as well as their interaction.
Results: There was no difference between treatments, regarding the occurrence of the estrous; however, 
its start and duration were not impacted by the physiological state and the synchronized luteal phase. P4 
concentrations in plasm were higher in primiparous ewes than in multiparous ewes. The main effects did not 
impact the pregnancy and the prolificity rates.
Study Limitations/Implications: The variation in the start and the duration of the estrous was caused by the 
physiological reproductive state and the duration of the synchronized luteal phase (6 and 12 days). Therefore, 
these effects should be taken into account when the artificial insemination takes place at a fixed period.
Finding/Conclusions: The combination of the cronolone sponges with 100 UI of eCG during short periods 
(6 days) effectively synchronizes the estrous. P4 concentrations in serum were higher in primiparous ewes, 
although these concentrations were not a determining factor in the increase of pregnancy and prolificity.
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INTRODUCTION
 Several hormone methods have been developed to synchronize the estrous of ewes. They 
are mainly based on natural and synthetic progesterone, gonadotropins, prostaglandin 
F2, and the male effect (Ungerfeld and Rubianes, 2002). Intravaginal sponges and CIDR 
devices are inserted for 12-14 days. The equine chorionic gonadotropin (eCG) is used before, 
in the moment, or after the sponge or device is removed. Their combination is the most 
common hormone treatment used to simulate the luteal phase for the synchronization of 
the estrous (Ataman et al., 2006). In this context, eCG application has been proven to have 
positive effects on the fertility and productivity of ewes (Ince and Karaca, 2009). The aim of 
using eCG in progesterone synchronization programs is to increase the ovulation rate and, 
consequently, to increase the multiple birth rate (Macías et al., 2013). Nevertheless, several 
factors can modify the reproductive efficiency of ewes, including: breed, seasonality, age, 
environment, nutrition, diseases, semen quality, reproductive state, hormone treatment, 
progesterone concentration in plasm, and vaginal microbiota (Mustafa et al., 2007).
 Currently, a demand for clean products has arisen and, consequently, the use of 
chemical and hormone treatments for domestic animals has been reduced or completely 
avoided (Martin et al., 2004; Eisler et al., 2014). Therefore, researches have focused on 
developing alternative reproductive methods, which interact both with animal welfare 
and the environment. Their objective is to improve the reproductive efficiency of ewes 
(Fierro et al., 2017). Consequently, protocols for the synchronization of the estrous during 
short periods have been recently established, in order to determine an optimal biological 
response to a hormone treatment. The aim is to obtain similar results to the conventional 
treatments regarding the luteal phase simulation, improving pregnancy rates, even during 
the seasonal anestrous (Ustuner et al., 2007; Özyurtlu et al., 2011; Nasser et al., 2012). 
Therefore, the objective of this study was to evaluate the effect of the synchronized luteal 
phase reduction and the application of a low eCG dose on the reproductive efficiency of 
primiparous and multiparous ewes, during their reproductive season.

MATERIALS AND METHODS
 The study was carried out in the sheep unit of the experimental farm of the Colegio de 
Postgraduados, Campus Montecillo, Texcoco, State of Mexico (19° 48’ 23’’ N and 98° 48’ 
27’’ W, at 2,241 m.a.s.l). The climate is subhumid warm, with a mean annual precipitation 
of 632.5 mm and a temperature range of 12 to 18 °C (García, 1988). The animals were 
handled according to the ethic and biosecurity standards of the Council for International 
Organizations of Medical Sciences (CIOMS, 1986) and in compliance with the NOM-
062-ZOO-1999 Mexican law, regarding the use of animals in experiments (DOF, 2001).

Animals and treatments
 Eighty-one Dorset ewes, in their reproductive season, with a 544.2 kg average weight, 
and a body condition score of 3 (scale: 1-5), were used for the experiment. The sheep 
were previously dewormed with ivermectin; additionally, they were injected with Bayer® 
ADE vitamin. Additionally, a Sonovet 600 ultrasound scanner (Medison, Inc., Cypress, 
California, USA) was used to carry out a transrectal ultrasound, in order to determine if 
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the ewes were pregnant. All the ewes were fed ad libitum with oat (Avena sativa) hay and 
600 g of commercial forage, which included 14% raw protein (RP) and 2.4 Mcal kg1 of 
metabolizable energy (ME), in compliance with the sheep nutritional requirements (NRC, 
2007). They also had ad libitum access to water. Based on their reproductive activity, ewes 
were divided into: primiparous (n38) and multiparous (n43). Subsequently, they were 
randomly further divided into groups for their hormone treatments. Before the sponges 
were inserted, ewes were pre-synchronized using two doses of prostaglandin F2α(65 mg 
cloprostenol, Celosil®, Schering-Plough), at 8-day intervals. The first primiparous group (P) 
was synchronized with cronolone sponges (20 mg, Chronogest®, Intervet) in two periods: 
12 days —with (P12eCG, n8) and without (P120, n9) the application of 100 UI 
equine chorionic gonadotropin (eCG; Folligon®, Intervet)— and 6 days —with (P6eCG, 
n9) and without (P60, n12) the application of 100 UI equine chorionic gonadotropin 
(eCG; Folligon®, Intervet). Both eCG applications were carried out when the sponge was 
removed. The same 12- and 6-day synchronization program was used for the multiparous 
ewes (M): M120, n11; M12eCG, n12; M60, n11; M6eCG, n9.
 The detection of the estrous started 24 h after the removal of the sponge, using males 
with antimating aprons; subsequently, ewes were monitored every 4 h, during 72 h, in 
order to determine the duration and end of the estrous. Ewes mated at least twice with 
males of proven fertility, at 12 h intervals. The return of the estrous was detected twice a 
day (morning and evening), between 15 and 18 days after the mating. The pregnancy was 
confirmed transrectally 30 days after the mating, using a Sonovet 600 ultrasound scanner 
and a 7.5 MHz transducer.

Sampling and lab analysis
 The 5 mL blood samples were gathered through a puncture in the jugular vein at 08:00 
h (from fasting ewes). In order to determine the P4 concentration in serum, the samples 
were collected two days before inserting the sponges and, subsequently, every 48 h during 
the estrous synchronization (12 days). All the samples were centrifuged at 1,500 g at 4 
°C for 15 minutes in an IEC Centra 8R (International Equipment Company, USA). The 
blood serum was separated and stored in polypropylene tubes; subsequently, they were 
preserved in a freezer at 20 °C, awaiting the hormone analysis. The P4 analysis was 
carried out using an enzyme-linked immunosorbent assay (Immunometrics, UK Ltd., 280 
Muster Road, London SW6 6BQ). The analytical sensitivity was 0.13 ng mL1, with an 
inter- and intra-Assay Coefficients of Variability of 9.59 and 13.7%, respectively.

Statistical Analysis
 The experimental design was completely random, with a 222 factorial arrangement; 
each ewe was an experimental unit. The main factors were the reproductive physiological 
state (primiparous and multiparous), the period of protocol of the synchronization of the 
estrous (6-12 days), and the application of a low eCG dose (0-100 UI). The percentages 
of the occurrence of the estrous and pregnancy were analyzed using the 2 test, through 
the PROC FREQ. An analysis of variance was used for the start and duration of the 
estrous, using the PROC GLM and the Tukey’s mean comparison test. P4 concentration 
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was subjected to an analysis of variance, with repeated measurements throughout time, 
using the PROC MIXED, which included fixed effects of the treatment and day, as well 
as their interaction. For this procedure, the covariance structure was modeled using the 
effect of the sheep inside the group. For this variable, the first-order autoregressive model 
(AR 1) was used to determine the correlation between sequential measurements within 
the same animal. The mean values were compared using the least squares method. All the 
procedures were carried out using the statistical analysis system software suite (SAS, 2009).

RESULTS AND DISCUSSIONS
Occurrence, start, and duration of the estrous
 Whether the period of the synchronization of the luteal phase (Table 1) was short or 
long or regardless of the primiparous (P: 97.9%) or multiparous (M: 95.6%) physical state 
of the ewe, the estrous was not different (P0.05) between hormone treatments. The 
response to the start of the estrous was not different (P0.05) between hormone treatments 
during the synchronization program. However, there were differences caused by the 
reproductive physiological state of the ewe (P0.05) (Table 1). Differences were found 
between treatments for the duration of the estrous variable (P0.05) (Table 1). These 
differences were caused by the effects of the reproductive physiological state (P: 37.21.5 
h vs. M: 41.31.4 h) and the duration of the synchronized luteal phase (6 days: 42.21.4 
h vs. 12 days: 36.31.5 h of synchronization).
 The differences detected on the occurrence of the estrous after a hormone treatment are 
the consequence of several factors, including breed, season, location, nutrition, weather, and 
the presence of a male after the removal of the intravaginal sponge (Khalilavi et al., 2016). 
Nevertheless, the reproductive physiological state of the ewe, the synchronization time, the 
concentration or dose must be also taken into account before using the different devices or 
hormone treatments. Other researchers obtained similar results regarding the presence of 
the estrous, even after the reproductive season. The following synchronization protocols 
were reported: 6-14 days (Ungerfel and Rubianes, 2002), 6-12 days (Ustuner et al., 2007), 
and 7 days (Özyurtlu et al., 2011). For their part, Alves et al. (2016) reported lower results 
than those obtained in this experiment: 72-80% estrous responses, using synchronization 
periods of 6, 9, and 12 days. However, regarding the simulation of the luteal phase, these 
results only prove that the short period treatment (6 days) with progesterone is as effective 
as the conventional treatment (12 days). This treatment has an excellent induction to the 
estrous and, therefore, can be used as an alternative for the synchronization of ewes during 
their reproductive stage (Özyurtlu et al., 2011).
 Several researches report that approximately 90% of the estrous start within a 48-72 
interval, after the removal of the sponge or hormone device, combined with low eCG 
doses (Koyuncu and Altcekic, 2010). Nevertheless, the start of the estrous in this study was 
caused by the effect of the hormone treatment during the synchronization. In average, 
the estrous started 35.92.3 h for the groups treated for the short period (6 days) and 
37.51.4 h for the usual period (12 days). However, the estrous occurred earlier than the 
results reported by Khalilavi et al. (2016), who recorded an average of 44.734.4 h (6 days) 
and 45.623.76 h (12 days) of synchronization using MAP. The estrous was longer in the 
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group of multiparous ewes than in the primiparous ewes. There are few comparative studies 
about the occurrence of the estrous in ewes with different reproductive physiological states. 
On the one hand, the results of the duration of the estrous obtained with multiparous 
ewes are higher than the 17.38-27.27 h range reported by Khalilavi et al. (2016). On the 
other hand, the results obtained by the primiparous ewes are similar to the 39-42 h period 
reported by Alves et al. (2016). The duration of the estrous was also influenced by the 
synchronization period and was longer for the 6 days group than for the 12 days group. 
These results are similar to those reported by Ustuner et al. (2007) and Nasser et al. (2012).

Hormone profile of progesterone (P4)
 P4 concentrations in plasm were different (P0.05) during the synchronized luteal 
phase and after the estrous. The results obtained in this experiment reflected a higher 
concentration in primiparous ewes (1.80.1 ng mL1) than in multiparous ewes (0.90.1 
ng mL1), showing a quick increase in the P4 concentrations, 2 days after the removal 
of the sponge of the new estrous cycle (Figure 1). Bartlewski et al. (1999) established that 
P4 concentrations higher than 1 ng mL1 are the result of a functional corpus luteum at 
the moment that the sponge is inserted. Additionally, the insertion of the sponge soaked 
with progesterone does not affect the P4 production by the corpus luteum. Only when the 
sponge is inserted at the beginning of the luteal phase, the production and its average life 
could be affected, because the corpus luteum does not secrete enough P4 during this stage 
for a normal average life. However, it makes it susceptible to an PGF2α early secretion 
injury (Ainsworth, 1985). Nevertheless, the primiparous ewes’ group had a higher P4 
concentration in plasm. These results match the findings of Husein and Kridli (2002), 
Husein and Haddad (2006), and Khalilavi et al. (2016), who reported that the P4 levels 
increased 2 days after the insertion of the sponge and diminished when the sponge was 
removed, driving the estrous behavior. However, the P4 concentrations in the primiparous 
ewes again had a sudden increase during the next estrous cycle (Figure 1). These results 

Figure 1. Concentration of progesterone in plasm (mean  standard error) during synchronized luteum phase 
in primiparous and multiparous ewes. * Indicates statistical difference (P0.05) between experimental groups.
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suggest that these ewes can continue to develop bigger corpus luteum or that their 
metabolism is not capable of diminishing its concentration in blood plasm, unlike the 
multiparous ewes.

Pregnancy and prolificity rates
 Neither the synchronization period and the eCG application, nor the reproductive 
physiological state of the ewe, resulted in differences (P0.05) in the pregnancy and 
prolificity rates. The pregnancy rate of the ewes at 30 days after the mating was 95.3% 
and 97.3% for the multiparous and the primiparous groups, respectively. Likewise, the 
multiparous group recorded a 1.26 index, while the primiparous group had a 1.29 index 
(Table 1).
 The pregnancy percentages obtained in this study are similar to those reported by 
Mustafa et al. (2007), who recorded a 91.6% pregnancy among ewes. However, our results 
are higher than those obtained by Ali (2007), who reported 91.6% pregnancies, using 40 
mg of FGA for 8 days and 500 UI of eCG for two periods (48 h before and at the moment 
of the removal of the sponge). Ali concluded that the use of eCG improves the ovulation 
rates, but not the pregnancy percentage.
 In this regard, Alves et al. (2016) reported 45.5, 36.4, and 20% pregnancy rates for 6-, 9-, 
and 12-days synchronization protocols, respectively. These synchronizations were carried 
out with ewes inseminated by laparoscopy. In contrast, Özyurtlu et al. (2011) reported 58.3-
66.7% pregnancy rates during an anestrous period, applying 500 UI of eCG to ewes with 
7-14 days synchronization. Likewise, Khalilavi et al. (2016) reported 66.6-80% pregnancy 
rates, as a result of the application of 300 UI of eCG to ewes with 6-12 days synchronization. 
In both studies, the ewes were directly mated with studs of proven fertility. There was no 
difference in the prolificity index between treatments. Nevertheless, our results are similar 
to those reported by Mustafa et al. (2007), who used 500 UI of eCG and obtained 1.18 and 
1.11 prolificity with hormone treatments of 12 and 14 synchronization days, respectively. 
The use of eCG in the estrous synchronization protocols has an important effect on the 
ovulation rate of the ewe and, therefore, in its prolificity. According to Koyuncu and Ozis 
(2010), the application of 500 UI of eCG should take place 24 h before or at the moment 
of the removal of the sponge. Additionally, the subcutaneous application of eCG has better 
results for multiple lambings and fecundity than the intramuscular application of eCG. In 
this research, the application of 100 UI of eCG sought to support the follicular growth, 
in order to induce the estrous, mainly in the primiparous group. Quintero et al. (2011) 
obtained similar results in hair sheep: 1.8, 1.9, and 2.2 prolificity, with the application of 
100, 200, and 400 UI of eCG, respectively. Likewise, Macias et al. (2013) pointed out that 
low doses of eCG (140-280 UI) can induce the estrous in hair sheep, even under heat stress. 
They obtained 1.8 (140 UI) and 2.2 (280 UI) prolificity rates.
 Overall, the pregnancy percentage and the prolificity index obtained in this study are 
acceptable, regarding the hormone treatments used. These results suggest a development 
of the corpus luteum and an increase of the secreted progesterone, which was required 
to provide the endometrium with the appropriate conditions for the implantation of the 
embryo and the preservation of the pregnancy.
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CONCLUSIONS
 The combination of intravaginal cronolone sponges with 100 UI of eCG in short (6 
days) and long (12 days) synchronization periods favors the occurrence of the estrous in 
primiparous and multiparous ewes, during the mating season. However, the variations 
of the start and duration of the estrous are caused by the reproductive physiological 
state of the ewe (primiparous and multiparous) and by the duration of the synchronized 
luteal phase (6 and 12 days). Consequently, these results must be taken into account when 
artificial insemination takes place in a fixed time. Finally, the P4 concentrations in serum 
were higher in primiparous ewes, although this result did not determine a pregnancy and 
prolificity increase in the treated ewes.
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